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yard Sound earlier in the strata a inile or two high than at  
the surface. 

A sheet of cold air overran the low, warm, and quiet sbata about 
midday, while the cold air followed at the surface (I fw holrrs later, 
and in  these fac ts  we have tlw exact conditions required to prodricr, 
the observed poicerfiil con vection. Such abnormal cooling of the 
higher strata is as eflicient in producing vertical convectional 
gradients as a superheating of the surface would be, and the 
evidence that this was the actual case is so good as to render 
i t  a practical proof of this circumstance. The upper strata 
were cooled suddenly by -12O to -15' F., and this brought 
showers, the waterspouts, and the thunderstorms in close suc- 
cession. These were followed later by cooler conditions at 
the surface, giving a temperature fall Prom the maximum of 
the day, 7 2 O ,  to the minimum, 56.5', a t  Vineyard Haven. Under 
these conditions all the observed facts find so natural and 
satisfactory an explanation that no further remarks seem to 
be needed to enforce the theory. 

But, it should be noted that this overflow of relatively cold 
layers of air a t  a moderate elevation upon the warm surface 
layers, this forereaching and temporary stratification causes an 
abnormal system of gradients which produce the vertical cur- 
rents required to set up the motions that tend to reestablish 
the normal equilibrium of the atmosphere. This local disturb- 
ance of the average gradients, clue to the fact that the cold 
upper air, under certain configurations of the lower currents, 
is drifted forward upon them, is the primary cause of most r,f 
the phenomena class$rd as th itnderstornis, torwdoes, ryclones, and 
11 urricanes. I n  short, all these violent local disturbances of 
the lower air are largely due to this cause, ancl this is the true 
source of the energy expended, though it has been attributed by 
one school of meterologists to the latent heat of condensation, 
and by the other school to the eddies established by differen- 
tial horizontal velocities. These two latter sources of energy 
need not be escluded from consideration, for they contribute 
their quota to the total energy of circulation, but the first 
cause is the abnoriual stratification of the air a t  moderate 
elevations. Thus the groups of thunderstorms which frequent 
the southeastern quadrants of the cyclone are due to the over- 
flowing of the cold northern current upon the warm current 
from the south. Tornadoes have the same origin and their 
location shows that they are clue to this cause. The cyclone 
itself is generated by warin currents of air from the Tropics 
underrunning the cold sheet which rotates above the surface 
of the earth, in the hemispherical whirl north of latitude 35'. 

The reason for the outflow of warm currents from the 
Tropics has been indicated in the International Cloud Report, 
chapters 8 and 10; also there will be found in the RIONTHLY 
WEATHER REVIEW for January and February, 19M, and in the 
preceding papers of this series, further illuatrationH and re- 
marks on this theory. The West Indian hurricanes in a simi- 
lar way are produced in the late summer ani1 autumn by the 
overflow of the coolupper sheet from the North Bmerican 
Continent upon the warm tropical lower strata, because this 
sheet is then increasing in size with the southward retreat of 
the sun. The withdrawal of the sun to the south in fact 
brings the thermal equator of the higher strata toward the 
geographical equator earlier than that corresponding to the 
lower strata. Hence, relatively cold air from the temperate 
zones a t  considerable heights, begins to overlay the tropical 
warm and moist lower strata, ttnd this induces the long 
continued vertical convection, locxlized in the hurricane vor- 
tex, which in its progressive movement may traverse thou- 
sands of miles along its parabolic track. The form of the 
track is due to the influence of the general circulation local- 
ized in centers of action, which builds the south L4tlantic 
high area on the ocean and is manifested in the trade winds, 
so that the hurricanes usually gyrate along the edge of this 
special configuration. 

The power which is expended for days in succession in a 
hurricane is due to the fact that the wide expanse of the upper 
cold sheet covers the temperate zones and overlaps the Tropics 
a t  moderate heights. As long as this contrast of temperature, 
clue to abnormal stratification, continues, there is a sufficient 
source of energy in the resulting thermal engine to  produce 
powerful vertical convection currents, and to sustain the 
most violent hurricanes, in which the vortex has a depth of 
several miles in a vertical direction. This theory seems to 
harmonize completely with what is known about the meteor- 
ology of the lower air, and to be such a Satisfactory escape 
from the difficulties of (1) the condensation theory and (2) the 
dynamic eddy theory, which have always encountered both 
practical and theoretical objections, that we may espect to 
find confirmation of it in the future development of the 
mechanics of the atmosphere. 

VARIATION IN TEMPERATURE OVER A LIMITED AREA. 
Ry I'mf. \Vil l iu I. Millraui, 1%. 1). Dated Williamutuwn, MXSR., August 4, 1906. 

I. INTROUU('T1ON. 

The investigation of the variation in temperature over a 
limited area was continued and completed during the winter 
of 1!)05-G, and the present article contains the results of this 
inrestigation. The liiiiitecl area in question iH the village of 
TVilliaiiistown, Mass., which is about one ancl one-half iniles 
long and three-qnarters of H mile wide, and is situated on 
three small knolle in the iilidclle of a larger depression. It 
consists o f  detached liouses, surrounded l y  ample lawns and 
gardens, and has R diversified surface made up of fairly level 
areas, marked valleys, plenty of running water, and differ- 
ences of elevation aiuounting to 120 feet. 

One phase of the variation was inwstigated during the win- 
ter of 1004-5 ancl the results were published in the MONTHLP 
WEATHER REVIEW for July, 1905, Vol. S S S I I I ,  page 305, under 
the title: " The variation in minimum teiiiperatures on still, 
clear nights within the confines of a village ". Here may alHo 
be found a cvmplete description of the village, together with 
nn accurate topographical map. A brief summary of that 
investigation will he useful ns  a preface for the present, article. 
Accurate, self-registering, niinininm tliermoiiieters of tlie reg- 
ulttr Weather Bureau type were mounted in exactly the same 
way ant1 exposed at ten different stations in the village. As long 
RS the ground was cciverecl with snow, their reaclinfrs were 
noted whenever a decided fall in temperature occurred during 
tlie night. The iiiasimum vttriation notetl was loG F. and the 
average variation for the thirty-six nights on which observa- 
tions were taken was 5.1O. I t  was furtlierniore founcl that the 
rarintion wits much less on a windy night, that it was not 
induencetl by  the coldness of the night, and that it was great- 
est on tmo different, carefully described types of nights. I t  
was also fount1 that air colder and thus more dense tended to 
t h i n  iuto the valleys; but elevatiou waH not the dl-deteriiiin- 
ing factor, for tlie openness of the valley, its direction, the 
roughness of its surface, and the wind direction also played a 
part. The regularity with which certain stations were either 
warmer or colder than other stations was investigatetl and it 
was founcl that one station proved to be quite constantly the 
coldest and another the warmest in the series of ten. 

I n  order to determine completely the behavior of a limited 
area ax regards variation in temperature, two more questions 
must be investigated. These questions are: (1) Does any 
variation in teniperatiire esiht during the claytime? (2) Does 
the T ariation remain constant during a given night, or tloes it 
c.h:mg,e and perliaps grow larger as tlie time o f  Iuiniiiiuiii tem- 
perature approaches? It is the purpose of this article first to 
answer these two questions and then to suiiiiiiarize the results 
and give a couiplete picture of the behavior of a limitetl area 
as regards variation in temperature. 
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For the investigation of the above questions two stations 
were chosen, and these were naturally the two which hac1 
proved themselves to be the warmest and coldest during the 
previous investigation. This choice was determined by the 
consideration that if  a variation in temperature over the lim- 
ited area was to be found, it would certainly show itself 
between the stations which had been found to be warmest and 
coldest. These stations have a diflerence of elevation of 66 feet, 
the elevation of the thermometer a t  one being 706.5 and at the 
other 640.5 feet. I n  this article these stations will be spoken 
of as the upper and lower. They correspond exactly to 
station 8 (warmest) and station 7 (coldest) of the previous 
investigation. The upper station is located near the top of a 
knoll and is surrounded by a fairly level field for a few hun- 
dred feet on everF side. The lower station is a t  the bottom of 
a valley, 1700 feet northwest of the upper station. The topo- 
graphical imp referred to above shows in detail the surround- 
ings of these stations. 

11. VARIATION I N  TEMPERATURE DURING THE DAYTIME. 
The daytime temperatures a t  the two stations were cleter- 

mined by means of an Assmann's ventilated thermometer made 
by R. Fuess, of Berlin. This instrument is now too well known 
to need description, and can be relied upon to determine the 
real air temperature correctly to a t  least 0.1' F. even in bright 
sunshine. The observations made on twelve different days 
during the winter are given in Table 1. Those days in par- 
ticular were chosen when there was plenty of sunshine and the 
wind velocity was small. In  fact, the table contains observa- 
tions on every bright, sunny day with sinall wind velocity as 
long as the ground was covered with snow. If no variation 
can be detected on such days, surely none can be expected 
when the wind velocity is high and the sky is overcast. The 
first column contains the date and time of Observation. The 
time indicated is always that for the observation at  the lower 
station. The temperature given for the upper station is the 
mean of two temperathes taken the same number of minutes 
before and after the observation a t  the lower station. These 
two temperatures never differed by more than a few tenths 
of a degree at  most. The wind velocities given in this table, 
and all subsequent tables, were determined by a watch-pattern 
anemometer and also by noting the rapidity of drift of smoke 
from a chimney, or one's breath, or some light object. The 
anemometer was calibrated by walking with a known speed 
both against and with the wind. The absolute values of these 
wind velocities may be somewhat erroneous, but they will 
nevertheless serve to indicate the relative windiness a t  the 
different times of observation. The ventilated thermometer 
was held exactly five and one-half feet above the surface of 
the ground in determining a temperature, and the wind 
velocity was observed a t  this same height. 
TABLE 1.- Temperature obsetvntimm at two stations in WiZZiani8town, bfms., 

during the dnytrme. 

C'lourlless . . . . . 
Partly cloudy. 
Overcast .... .. 
C'londless . . . . . 
T.ialit, I m m .  .. . 

Station. Depth ~~~~~~~- Characlrr of of auom 

Upper. Lower. 2; $:,';! grouud 
Date aud time. 1 , ~ Wiud 1 the 1 oL1 

Inchrr. 
0 

0.3 
2 .0  
1.0 

3.0 .., 
Jan. 11,2:15 p.m.. . 36.5 i.9" ~ ye., 
Feb.3 2.50 p.m. .  . . 12.6 1 1 . .  3 
Feh.6:2;40 p."... . 1.3 1.8 UW.,  2 
Feh.8 2.40p.m .... 15.8 16.2 1 nw., 4 
Feh.I~ .2:15p.m ... 31.8 31.8 nw., 2 
Mareh14,2:45p.m. 26.0 25.2 ' uw 5 
March 2 4 , 2 3 6 ~ .  m. 23.4 24.3 1 nw:: 3 

nw. ,  5 

nw., 1 

.e 2 

nw., 3 
w . ,  3 

o p ~ .  _ _ ~  ..... 
'ercast. .. . . . 3.0 

(' loudless. .  _. . Trace. 
Cloudless ._ .. . 1.0 
l.:loudless .... . 1.0 
C'loudless ..... 13.0 
~'londleas .... . Trace. 
&udless ._. . . 5.0 

1 

Dry, t'ramen ground. 

Mrltiug SIIOW. 

New w o w .  

It will be seen that the variation is extremely small. The 
largest value is 0.9' and the average for the twelve days is 
0.19O, the lower station being the warmer. I f  the three days 
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are excluded when there was only a trace of snow upon the 
ground, the average variation is 0.20'. The higher tempera- 
ture on the part of the lower station is analogous to what is 
found on a much larger scale in connection with mountain 
and valley stations. Wind velocity is much greater during 
the day than at  night, and convection is operative only during 
the daytime. It would seem that these two processes are suf- 
ficient to so thoroughly mix the lower layers of the air that a 
variation in temperature over a limited area during the day- 
time is hardly to be detected. In  considering the amount of 
the variation found on these days i t  must be noted that these 
are extreme cases. In the first place, the warmest and coldest 
stations in the limited area were chosen; secondly, those days 
were chosen when the variation would be largest; and finally, 
the observations were taken at  the most favorable time of day 
for a variation. 

- 

111. VARIATION I N  TEMPERATURE DURINCt THE THREE TYPES OF NICtHTS. 
The two thermometers used to determine the temperature dur- 

ing the night and the miniinurn temperatures were self-regis- 
tering, minimum, alcohol thermometers of the regular Weather 
Bureau type. I n  order to eliminate the possibility of inac- 
curacies in the thermometers as the cause of the variations 
noted, the following precautions were taken: (1) The two ther- 
mometers were wrapped up together in cloth and placed in a 
room where the temperature was nearly constant. At the end 
of several hours the two thermometers indicated the same 
temperature. This was done at  the beginning and end of the 
esperiment and for several different temperatures. (2) The 
thermometers were read on several different occasions during 
a high wind while the temperature was nearly stationary, either 
at night or when the sky was overcast. No difference was 
found on such occasions. (3) The two thermometers were 
frequently interchanged. 

The use of identical thermometers is absolutely essential. 
Two thermometers of radically different form and construc- 
tion iuay indicate the same temperature when wrapped up to- 
gether in a constant temperature rooin, and yet when exposed 
in the open at  night they may, in estreine cases, shorn a cliffer- 
ence of even several degrees. The thermometers were mounted 
on unpainted pine boards about eighteen inches long and seven 
inches wide, and were exposed in the open, without a shelter 
of any kind, esactly five and one-half feet from the surface of 
the ground. They were esposed on the northwest side of 
small trees, a t  least twenty-five feet from the nearest building, 
and with a much larger clear space on the northwest side. 
Most of the observations were taken over a snow surface. 
Absolute identity of thermometer, mounting, exposure, and 
surface can not be emphasizecl too strongly, for many of the 
reported variations in temperature over limited areas are due 
simply to the fact that the thermometers, although accurate, 
are different, or are mounted and exposed in a different way. 
These thermometers do not, of course, indicate the real air 
temperature, even at  night when exposed in the open. Owing 
to radiation their indications may be anywhere from a small 
fraction of a degree to, in extreme cases, several degrees below 
(never above) the real air temperature. When two identical 
instruments are mounted and exposed in the sanie way, it can 
be safely assumed that both are adected alike, and read the 
same amount below the real air temperature. 

From December until April there were twenty-one nights 
during which variations in temperature betwen the two sta- 
tions occurred. It was found that these nights could be di- 
vided into three groups, each with luarked characteristics of 
its own. The observations for the eleven nights of the first 
type are given in full in Table 2. The first column contains 
the date and time of observation. The time indicated is always 
that for the observation a t  the lower station. The thermome- 
ter a t  the upper station was always read the same number of 
minutes before and after the observation at  the lower station, 
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n n . ,  4 
nw.,  3 
nw,,  10 
nw. ,  3 

0 

and the temperature given for the upper station is the mean 
of these two readings. The method of obtaining the wind 
velocities was explained above. 
TABLE 2.- Tempratureobsercatiom at two statimls in Williamtorrn, .Ma.%. 

during naghts of the .first fype. 
TYPE I. 

~ ~ -.- -~~ - _ _  

~ ' l ~ J l i ~ l k S ~  ..... I;, 11 Wind gusty. 
('lr,adleas .... 6 . 0  ~I in imumatsunr i~c .  
Cloudless ...... 6 . 0  
Cloudless. . . . .  6.0  
Cloudless ...... 6.0 1 Minimum at sunrise. 

I,#rhPx. 
3333 p.m 17. 2 18.0 uw., IS Cloiidlle>s _. _.  . :  0.0  , l lry,  frozen qrollud. 
6:23p,lu l~.!ll 12.5 n a . .  16 CloutIless ..... l 0.0  'i" 10:3~p.m ! 9.2 . !I. o nw. IO (:louc1less .... 0.0 ~ 

Y i u  ........ ..I 6.5 1 5.3  ~ nw.: 3 Cloudless .... . I  0.0 1 hIi1h111matsunrise. 

M:lr.l3-14, 7 : 2 i l ,  111 
1(1:15 ] , . I l l  

h f i u . .  . . . . . . . . .  
>tar.%-2S. f;:G ILIU 

..... 
Min. ..... 

........... 

11;. S 
13. 5 
13.2 
20.0 

cloudless ..... 0.3 ' 
Cloudless ..... 0 . 3  
clolldless.. ... 0.3 
Cloudless. ... 2.0 
i'loadless ..... 2.0 
('loudless . . . . .  2.0 . 
partly r1uii41y. 11.0 1 
Clouilless ..... 11. I) 
(:loudless ..... 1 1 . 1 )  1 

, .  

. \tin.. .... .I. ..I i . 8  
Mar. 23-24, 6:40 p,m 13.0 

10:36p.m 9 0 
Min ........... .!- 2 . 9  

ls.u 
11.5 
11.2 
17.11 

Wino1 gusty. 
Minimuni at suuriat.. 

BIiuimiun at sunrise. 

Zlioiniuiii at .iiurinv. 

LlW., b 
nw., ; 
.e., : 
uw.. 2 c'lo>!ltllrss ..... 5.0 

- ., . . .  .... 
uw., 3 0reri.ast ...... 14.0  

6 Cl~,ri~lless. .... 14.6 hIiuiluuluiit.siiiiris~.. 
uw.. 12 1 l'lnridless ..... 

14. IJ 
13.0 
8.5 

In. 6 
15.0 

- 1.0 
20. 0 

s. 0 
- 2. (I 

1 ; .  0 
13. 0 
i, 7 
13 0 

-10.5 
a. o 

>fill ...... . : . . . ' - Io .R  -18.0 0 
Fel~15-16,5:50p.iu~ Y.0 9.0 u w . ,  12 Overcast ...... 1 4 . 0 '  

1045p.m 5 .2  5.2  
Min ........... -10.Y - 3 . 0  

I'eb.22-23, 5:5op.ni 29. 3 29. 5 
I0:36p.ul ';';Lo" 1 24. 5 

3Iiu.. ......... 14.0 
31ar.14-1% 7:lOp.m 18.4 

10:40p.m 14. 0 
3Iin.. ......... 11.9 

1050p.m 15. 0 
>Kin ...........! 7.5 

hIar.18-19. i:40]1.111 2U.O 
10:mp.nil 14. u 

3Iiu ........... I t . 2  

8:35p.lu 7.4 7.5 I ~ W  J orpr,.ast, ..... 1.1.n 

>tar.17-18, i:o?l]J.lU 18. 0 

-. , 
i iw.,  + , l'loudlew . . . . .  Trace. 

nw, ,  4 Cloudless . . _ _ .  4.0 New SIIUW. 
0 0verc;ist.. .... Tracr. 3liuiruuiu at 8 8 . 1 1 1 .  

The chief characteristics of this type of night are these: 
Just after sunset the wind would be from the northwest with 
a fairly large velocity, in one case as high as eighteen miles 
per hour. The sky would often be cloudless, but soiiietimes 
overcast or partly cloudy. During the night the wind would 
die down and the sky liecollie clearer. By sunrise, or a little 

before, wh'en the minimum of temperature usually occurred, 
the mind would be blowing with a velocity of three miles per 
hour, or less, and the sky would be cloudless. Often the wind 
would die down to an absolute calm. As long as the wind 
velocity remained about t h e e  miles per hour, or more, the two 
stations woulcl show but little variation in temperature. The 
lower station would often be a small fraction of a degree 
warmer than the upper station. As soon as the wind velocity 
fell below about three miles per hour, the variation would 
begin to appear, and would steadily increase with the dying 
down of the wind until the time of minimuin temperature, 
when the lower station was always much colder than the upper. 
In  one case (March 19) the difference was 9.2'. The night of 
March 23-24 is a very characteristic night of this first type, 
and the observations are printed in black-faced type in Table 
4. In  fig. 1 these observatioac; are plotted to scale and show 
graphically the behavior of a limited area during this type of 
night. 

The olwervations for the eight nightfiof the second type are 
given in full in Table 3. 
T ~ L E  3 .  - T~~iiperalr treobecrrat iot~ t i t  fwo sfation8 in Willicm8toiivt, A i m s . .  

during nights of thr. H C C O I L ~  typr,. 
T1 I'E 11. 

~~ 

1965. 

........... 14.5 
IWIi 

3:''s , , . I l l  12.0 

hliu ........... l . ! )  

Feh, 8-9, 5 4 5 p . m  8.3 
8:OOp.m 0 . 5  
10:26 p.m - S 1 

Min . . . . . . . . . .  - 6 . 8  
Felt.16-17, 5:Sclp.111 15.U 

ll:A5]D.111 - 1.:; 
h l iu . .  ......... - 8. S 

l~Pl, . l i- l$,  i : 1 1 1 p  111 14.5 
11:1151~.ii1 8. S 

Mill ........... 6 . 5  

lO:-IOl#.w 1:. 3 

, Stationary triul'er- 
atiire until iu~tru- 
iug.  

11az>- . . . . . . . .  0.5 1 
1,iybt linac .... 0 . 5  
()va.rcaht ...... 0 . 5  ' Mioilliuln ;It 1 a. n i .  

-~ 

The chief characteristics of this type of nights were these: 
During the whole night from sunset to sunrise the wind veloc- 
ity was very small. In  fact i t  never exceeded two miles per 
hour during m y  one of these eight nights, ant1 i t  was usually 
much less than one mile per hour. The wincl direction was 
not uniform, sollietimes from the northwest and sometimes 
from the southeast or south. The sky was usually cloudless, 
although it sometiiiies became hazy or overcast before morn- 
ing. Within an hour after sunset a marked variation in tem- 
perature between the two stations was observed, and this 
Tarintion remained nearly constant during the entire night. 
The night of February 8-9 is perhaps the most characteristic 
of this group and the observations hare been printed in black- 
faced type in Table 3 and are plotted to scalein fig. 2. 

There were only two nights of the third t,ype during the 
wiuter, and tlie observations for these two are given in full in 
Table 4. 

The change in mind direction is the most characteristic 
thing about this type of night. In  the early evening the wind 
would be blowing froiii the northwest with small velocity. It 
would tlirn tlie dowii to a cnlin in a few Iioiirs, change direction 
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.~ ~ 

Irate and Lime. 

1906. 
Feb. 7-8, 545 p.m 

3:W p. tu 
Min.. ......... 

11:4U~~,1i1- 

Feb. 11-12, 510 p.m 
Min .......... 

MONTHLY WEATHER REVIEW. 

~ ~ .~~ ~ 

Ptatiou. 

- 3.0 - 3. 0 
- 6.8 - 6.5 
-11.0 -15.0 

7 .5  - i . 6  

13.0 4. C 
8 .6  ..... 
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uw., 3 
IIW.,  ? 
uw., 0 
se., 2 

to  the southeast and increase again in velocity. The min- 
imum of temperature always came early in the night. The night 
of February 11-12 is a particularly fine example of this type. 
The observations are printed in black-faced type in Table 4, 
and fig. 3 shows them plotted to scale. Several things in 
connection with this night are worthy of notice. The minimum 
temperature a t  the upper station occurred about two hours 
earlier than at the lower station. This mean8 that the increas- 
ing southeast wind replaced the air st the upper station with 
warmer air, and thus caused a rise in temperature two hours 
before it was able to remove the pocket of cold air from the 
lower station. The variation in the minimuin temperature on 
this night was the largest of the winter and amounted to 11.5O. 
This is 1.5' larger than the largest variation noted during the 
winter of 1901-5. Although the minimum temperatures dif- 
fered by 11.5', a t  8:lO p. m. there was a difference in teu-  
perature of 16.3' between the two stations. 
TABLE 4. -Temperature obeervations at two etationa in Williamstourn, I)iaCa , 

duri71.9 nights of the third type. 

( ' l8~Ildlt .bS ..... l.u 
Clou8lless ..... 1.0 
('loudless ..... 1.0 
O\t.ronst ..... 1.0 

i 

- I_____-  1- 

nw., h Cloudless. .... .I 10.0 

. . . . .  10.0 

. . . . . . . . . . . . . . . . . . . . . . . . .  . . ..... 

....... 

Rrnierk s. 

hl i u i tu 11 IU about 
10 1'. 111. \v e u t 
steadilv u p  w i t h  
no xn;intiaw aiid 
increasiug aiirol. 

Minimum at u p p e r  
station. 

Minlmum at l o w e r  
station, 

As was stated above, a variation in temperature was detected 
on twenty-one nights, and the nights have been divided into 
three groups, each with marked characteristics of its own. 
During all other nights the wind velocity remained above three 
miles per hour, and i t  was often stormy or cloudy in addition. 
Many observations were made a t  odd times during such nights, 
but a variation as large as 1' was never detected. During the 
early morning following a night when a variation in tempera- 
ture had existed the lower station would become warmer more 
rapidly than the upper station, so that within an liour or two 
after sunrise no appreciable variation could be found. This 
was frequently tested by means of the ventilated thermometer 
in the early morning an hour or two after sunrise. 

Wind direction and velocity are the distinguishing charac- 
teristics of the three types of nights which have just been 
described. During a night of t he  first type the wind ha8 a 
fairly high velocity during the first part of the night; i t  then 
dies down to a small velocity or an absolute calm without 
changing direction. During a night of the second type the 
wind velocity remains very small during the entire night. 
During a night of the third type the.wind is from one direc- 
tion, with a sniall velocity in the early evening; it quickly dies 
down to a calm, changes to the opposite direction, and 
increases in velocity again. These facts have been restated 
here to emphasize the importance of wind velocity. For the lim- 
ited area under investigation, namely, the village of Williams- 
town, the critical value of wind velocity seems to be about 
three miles per hour. As long as wind velocity has a greater 
value than this no variation of any amount can be found; but 
as soon as i t  sinks below this value the variation makes its 
appearance, and its change during the night depends upon 
the type of, night, or, in other worcls, depends upon the cliange 
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in wind direction and velocity during the night. The cause 
of variation in temperature is the interaction of the wind and 
the drainage of cooler, and thus more dense, air into the val- 
leys. This drainage of cooler air tends to give the places of 
less elevation a lower temperature. The wind tends to remove 
this cooler air and mix it with other masses of air, thus main- 
taining a uniforiii temperature over the limited area. The 
ability of the wind to remove this cooler air depends, apart 
from its ~elocity, upon the clirectiou of the valley, the direction 
of the wind, the openness of the valley, and the roughness of 
its sides. It will thus be seen that, in general, places of less 
eleration should hare a lower temperature a t  night, but it will 
also be seen that elevation is not the all-determining factor. 
On a topographical map of a limited area which had never been 
investigated, the warmer aud colder stations could probably 
be located with a fair degree of certainty, but the points 
could not be arranged in order of coldness depending upon 
elevation alone. 

I\'. SUMMARY. 
Whenever, in this or the former article, mention has been 

made of a limited area, the village of Williamstown has been 
the particular liiiiitecl area to which reference has always been 
made. The results which have been obtained by investigating 
this particular limited area for two winters can, however, be 
generalized so that the behavior of any limited area as regards 
variation in temperature can be stated. A limited area, in 
general, can perhaps be best defined as a square mile of sur- 
face roughly in the form of a circle or square. During the 
daytime, on account of convection and the higher values of 
wind velocity, no appreciable variation in temperature over a 
liioited area will be found. On some particularly favorahle 
days, naiiiely, those with plenty of sunshine and low wind 
velocity, the lower stations (particularly those in narrow val- 
lrjs) mtay be a few tenths of a degree warmer than the upper 
stations. At night the existence of a variation will depend 
almost entirely upon the velocity of the wind. For every 
limited area there will be a critical value of wind velocity. 
For all ordinary limited areas i t  will probably not be far from 
three iniles an hour. As long as the wind velocity remains 
larger than this, no variation in temperature will be found. 
As soon as the wind velocity sinks below this critical value a 
variation will begin to be manifest. The change in this vari- 
ation during the night will depend upon the type of night, and 
three types of nights, each with marked characteristics of its 
own, can be distinguished. These three types of nights have 
been fully described above. The maximum variation which 
may be expected for an ordinary limited area is from 10' to 
15' F. This, however, might vary considerably with diEerent 
limited areas. All the stations in a limited area can be ar- 
ranged in a series representing their relative coldness, the 
lower or valley stations being the colder, and the upper sta- 
tions the warmer. This series should be determined bey ob- 
servations, however, as elevation is not the . all-determining 
factor. A good idea of which stations should be the colder 
can be determined from a topographical map of the area. 

V. PRACTICAL GONRIDERATIONS. 
All temperature data, such as the normal daily, monthly, 

and yearly temperature, the different values of range, etc., are 
now computed from the maximum and minimum temperatures 
which are observed at  the station in question. Suppose that 
two stations hac1 been established, one at  the warmest and 
another a t  the coldest point in Williamstown; the normal 
yearly temperature, for example, a t  these two stations woiild 
show a difference of probably more than a degree, and the 
values of range would show a difference of several times that 
amount. The point to emphasize is the effect on climatologi- 
cal data of the choice of a station within a limited area. It is 
often stated that for climatological data and charts, the re- 
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sults of observations made at  cooperative stations of the 
Weather Bureau, which are usually located in a village or 
small city, are to be preferred to those made a t  regular 
Weather Bureau stations, as these are usually located in large 
and growing cities. Very little is usually known of the limited 
area which surrounds a cooperative station, and yet the choice 
of location in such an area would probably affeot the data as 
much as the presence of a city. 

In  order to investigate the effect of a city on regular sta- 
tions and get more accurate climatological data, a substation 
just outside the city is now often maintained. It would seem 
that still more valuable information would be gained i f  the 
limited area about such a substation were investigated for two 
or three years and then two stations established, one at  the 
warmest and the other a t  the coldest point. 

MONTHLY REVIEW OF THE PROGRESS OF CLIMA- 
TOLOGY THROUGHOUT THE WORLD. 

Ry C .  FITZHLWH T a L V a N ,  U. I.i Weather Bureau. 

CHARTS SHOWING THE DISTRIBUTION O F  CLIMATOLO~t ICAL STAT11 )NH. 
Next to a complete climatological clictionary, or compilation 

of climatic normals for the world, perhaps the greatest de- 
sideratum in the way of climatological literature is an atlas 
and gazetteer of meteorological stations.’ Charts showing the 
distribution of stations of all orders are especially desirable, 
as they enable one to determine exactly, a t  a glance. a t  what 
points on the earth’s surface climatological observations are 
being carried on. Such charts are published by a few, 1)ut 
only a few, of the climatological services of the world, in con- 
nection with their periodical reports. (For the United States 
they are published in the annual summaries of the section 
reports issued by the C’limatological Service of the Weather 
Bureau.) 

With the approval of the Editor of the MONTHLY WEATHER 
REVIEW the writer intends to include in this column, from 
month to month, sketch maps showing the location of mete- 
orological stations in various countries, especially those in 
which meteorological work on an extensive scale has but 
recently begun. Space will not generally permit lists of the 
stations to be included, nor any detailed statistics concerning 
them, but i t  is hoped that the charts alone will prove an ac- 
ceptable contribution to  climatology. I n  some cases these 
charts will be reprints of those that appear in various foreign 
publications to which but few readers of the REVIEW have av- 
cess; but more often they will be especially prepared for the 
REVIEW, on the basis of the most recent information obtainable, 
by correspondence and otherwise. 

We begin the series with the chart accompanying the fol- 
lowing note. 

h NEW CLIMATOLOI3ICAL SERVICE IN SICILY. 
Following the example of the observatories of Palerino m c l  

Clatania, which have established numerous tliermopluvionie- 
tric stations in their respective provinces, the observatory of 
Messina has inaugurated a network of such stations in the 
province of Messina. Their distribution is shown by the ac- 
companying chart, fig. 1. The greater part of these stations 
began their observations January 1, 1906, and the results are 
to  be published hereafter in the Annuario of the observatory 
of Messina. 

The director of this service, ancl of the observatory, is the 
well-known meteorologist, geophysicist, and astrophysicist, 

An ideal work o f  this character would include former stations as well 
as those now in operation, providing they furnished trustworthy obser- 
vations for a reasonably long period. (For the latter no absolute limit 
should he flsed. A station in the heart of As ia  represented Ly six 
months of observations would he well worth incluiling; whereas ill Gpr- 
many, with its 3000 stations, those having less than two years of ob- 
servations could very well be ignored, if no longer in operation.) The 
work would then have a permanent value, regardless of the changes that  
are constantly taking place in the distribution of stations. 

Cf. B. Rizzo. 
of the Royal University of Messina. 

Since 19pd the observatory has formed a part 

THE CLIMATOLO~ICAL ATLAS OF INDIA.’ 
The appearance of this work has been awaited with general 

interest by the meteorological world since the publication, in 
Indian Meteorological Memoirs, vol. 17  (Calcutta, 1904), of the 
numerical data upon which it is hased, accompanied by the 
announcement that the publication of the atlas had been sanc- 
tioned by the government of India. Now that the atlas is 
before us, we learn that a Handbook of the Meteorology of 
India is in preparation, which, with the atlas, will form a com- 
plete work, each part supplementing the other, and be a record 
of the more important results of meteorological observation 
and investigation in India during the period 1876-1900. 

The Climatological Atlas of India takes its place beside 
Helhnann’s rainfall volumes for Germany (see July REVIEW, p. 
3t?S),  as one of the two great contributions to geographical 
climatology that have appeared so far this year. As to the 
authoritative character of this work and the excellence of its 
mechanical execution, i t  need only lie said that its author is 
Sir ,John Eliot, the late meteorological reporter to the govern- 
ment of India, and the publishers are Nessrs. Bartholomew & 
C’o., who produced the beautiful Bartholomew-Herbertson- 
Buchaii ,4tlns of Meteorology (Bartholomew’s Physical Atlas, 

In  order to see how much of an :tdvance the new atlas rep- 
resents in the graphical presentation of Indian climate, the 
writer has compared the charts of pressure and temperature, 
respectively, with Buchan’s pressure charts of the globe in 
the Challenger Report (18S9, repriuted on a small scale in 
Bartholoniew’s Atlas of Meteorology, 1899) ancl Buchan’s iso- 
thermal charts for India in Bartholomew’s Atlas of Meteorol- 
ogy, plate 9 (based on manuscript maps prepared for the 
Challenger Report). On the July pressure charts it is noted 
that the heart of the Bsiatic sumiiier <‘ low ” lies well up  the 
Indus Valley, instead of along the northern shore of the 
Arabian Sea. where Buchan puts it. There are many other 
important readjustnients of the isobars, especially in northern 
India. It is noticed, however, that on the large plates (T-lO),  
showing the distribution of pressure over southern Asia and 
the Indian Ocean, Buchan’s isobars have been copied exactly, 
except over India itself, so that these plates hardly represent 
the most recent knowledge of pressure distribution over the 
Indian monsoon area. The isothermal charts in many places 
differ strikingly from Bnchan’s, and show how greatly the 
latter stood in need of re\-ision in the light of recently 
acc*umulated data. . 

Besides the 120 plates embraced in this work, representing 
the iiorinal distribution and fluctuations of all the principal 
meteorological elements over India, there are 33 folio pages 
of letter-press, containing, among other things, the best brief 
history of meteorological work in Indin that has yet appeared 

That this much talked of mountain baffled the eEorts of 
some of the world’s most espert mountaineers to scale its 
loftier summits until the present suinmer, when the feat was 
accomplished by the Duke of the Abruzzi, w a ~  not dne to the 
configuration of the mountain, which appears to offer no dif- 
ficulties not easily surmountable by the ordinary expedients 
of mountaineering, but to the fog or cloud in which the upper 
levels are almost constantly enwrapped. 

Lieutenant Behrens, It. E., writing on “The snow peaks of 
Ruwenzori ”, in the Geographical Journal for July, says: 

Though for nine months in a neighborhood trim which, on most 
days, Ruweuzori might have been risible from my tent, I 5aw it only 
seven time<, and theu only for a few m i n u b s  jiist after sunrise. So 

vol. 3). 

THE FCIGS OF RUWENZORI. 

* Inalia. bIeteorologica1 Department. Climatological Atlas of India, 
putli4ied by the authority of the gorernnlent of Iuilia unqer the direc- 
tiou o f  Sir J o h n  Eliot. Edinburgh, 19W. 


